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Abstract 

Background  Dipeptidyl peptidase-4 inhibitors (DPP-4i) have become firmly established in treatment algorithms 
and national guidelines for improving glycemic control in type 2 diabetes mellitus (T2DM).To report the findings 
from a multicenter, randomized, double-blind, placebo-controlled phase 3 clinical trial, which was designed to assess 
the efficacy and safety of a novel DPP-4 inhibitor fotagliptin in treatment-naive patients with T2DM.

Methods  Patients with T2DM were randomized to receive fotagliptin (n = 230), alogliptin (n = 113) or placebo 
(n = 115) at a 2:1:1 ratio for 24 weeks of double-blind treatment period, followed by an open-label treatment period, 
making up a total of 52 weeks. The primary efficacy endpoint was to determine the superiority of fotagliptin over pla-
cebo in the change of HbA1c from baseline to Week 24. All serious or significant adverse events were recorded.

Results  After 24 weeks, mean decreases in HbA1c from baseline were -0.70% for fotagliptin, -0.72% for alogliptin 
and -0.26% for placebo. Estimated mean treatment differences in HbA1c were -0.44% (95% confidence interval [CI]: 
-0.62% to -0.27%) for fotagliptin versus placebo, and -0.46% (95% CI: -0.67% to -0.26%) for alogliptin versus placebo, 
and 0.02% (95%CI: -0.16% to 0.19%; upper limit of 95%CI < margin of 0.4%) for fotagliptin versus alogliptin. So fotag-
liptin was non-inferior to alogliptin. Compared with subjects with placebo (15.5%), significantly more patients 
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with fotagliptin (37.0%) and alogliptin (35.5%) achieved HbA1c < 7.0% after 24 weeks of treatment. During the whole 
52 weeks of treatment, the overall incidence of hypoglycemia was low for both of the fotagliptin and alogliptin 
groups (1.0% each). No drug-related serious adverse events were observed in any treatment group.

Conclusions  In summary, the study demonstrated improvement in glycemic control and a favorable safety profile 
for fotagliptin in treatment-naive patients with T2DM.

Trial registration  ClinicalTrail.gov NCT05782192.
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Background
The prevalence of type 2 diabetes mellitus (T2DM) 
has increased markedly with an estimated number of 
347 million individuals worldwide in 2008, and fore-
casted to increase to 7079 individuals per 100, 000 by 
2030 [1]. For T2DM management, a lot of guidelines 
have recommended metformin as a first-line therapy in 
combination with healthy diet and exercise, and pro-
vided recommendations on second-line therapies when 
metformin is unable to achieve or maintain long-term 
glycemic control [2–4]. However, the selection of sec-
ond-line therapies for T2DM is challenging. Although 
algorithms provide evidence-based principles and guide-
lines, several factors should be taken into consideration 
to determine the optimum approach, such as patient age, 
individual compliance, financial conditions and diabetes 
complications [5, 6].

Dipeptidyl peptidase-4 inhibitors (DPP-4i) could 
improve glycemic control by preventing the rapid deg-
radation of incretin hormones and inhibiting gluca-
gon secretion [7]. With a low risk of hypoglycemia and 
no weight gain, nearly 0.7% reduction in HbA1c was 
reported when other DPP-4 inhibitors were given either 
alone or in combination with metformin for the treat-
ment of T2DM patients [8–10]. Fotagliptin (Salubris 
Pharmaceuticals, Shenzhen, China) is a selective, once-
daily, novel DPP-4 inhibitor approved for glycemic man-
agement of T2DM. Preclinical pharmacological studies 
showed that fotagliptin could inhibit DPP-4 with IC50of 
2.27 nM [11]. Fotagliptin was not primary metabolized by 
cytochrome P450 enzymes. There were 2 major metabo-
lites, M1 had no inhibitory effect on DPP-4, M2-1 had 
slight inhibition [12]. The efficacy and safety profiles of 
fotagliptin have been characterized in previous studies. 
Fotagliptin exhibited favorable pharmacokinetic results 
as it can achieve high and steady DPP-4 inhibition. Fotag-
liptin was rapidly absorbed, which tmax was obtained at 
1–2 h in T2DM patients, also enabling a maximum inhi-
bition of DPP-4 within 1–2  h post administration [12, 
13]. Recently, a phase 1 clinical trial has been conducted 
in fourteen eligible Chinese patients with T2DM, which 
showed that fotagliptin was safe and well tolerated [12]. 

In a phase 2 clinical study, patients who were treated with 
fotagliptin monotherapy of 6 mg, 12 mg and 24 mg once 
a day for 12  weeks showed significant improvement in 
the HbA1c control as compared with placebo. The hypo-
glycemic effect increased with the treatment duration, 
and the biggest decrease in HbA1c was observed in the 
12 mg fotagliptin group.

This is the first phase 3 randomized, double-blind, pla-
cebo-controlled clinical study to evaluate the efficacy and 
long-term safety of fotagliptin in treatment-naive T2DM 
patients uncontrolled with diet and exercise intervention, 
comprising 24  weeks of double-blind treatment period 
followed by an open-label treatment period, making up a 
total of 52 weeks.

Methods
Study design and randomization
Patients with type 2 diabetes mellitus (T2DM) were 
randomized to receive fotagliptin, alogliptin or placebo. 
Subjects who met the inclusion criteria would enter 
the 4 weeks of placebo run-in period. At the end of the 
run-in period, a baseline enrollment evaluation was per-
formed. Upon evaluation, all eligible subjects would enter 
the 24 weeks of double-blind treatment period and were 
randomized into the fotagliptin group (12 mg once daily) 
or alogliptin group (25 mg once daily) or placebo group 
at a 2:1:1 ratio. Randomization and drug dispensation 
were performed with an interactive web response system 
(IWRS;eBalance version 5.3.7). A stratified randomiza-
tion method with the permuted block randomization 
algorithm was used. The blocks were dynamically allo-
cated to each site and stratum from the randomization 
list. A unique ID number was provided by the vendor 
and marked on the medication box. Using central rand-
omization, randomization codes were assigned to eligible 
participants by the IWRS system based on stratification 
factors (baseline HbA1c level < 8.5% or ≥ 8.5%) and the 
block size. After 24  weeks of double-blind treatment, 
subjects would enter the extended open-label treatment 
period. Subjects in the placebo group were to be switched 
to fotagliptin (12 mg once daily) treatment, while patients 
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in the fotagliptin and alogliptin groups continued the 
same treatment until the end of the whole 52 weeks.

The trial was conducted in accordance with the Decla-
ration of Helsinki and Good Clinical Practice principles. 
The protocol was approved by the independent institu-
tional review boards or ethics committees of each site 
that participated in the study. All investigational medici-
nal products (IMP) and matching placebo were pro-
vided by Shenzhen Salubris Pharmaceuticals Co., Ltd. 
The written informed consent was obtained from all the 
patients before the implementation of study procedures. 
The study was registered on ClinicalTrails. gov, number 
NCT05782192.

Population
Subjects who were 18–75 years old and with previously 
untreated T2DM (no oral or injected anti-diabetes treat-
ment before 8 weeks of randomisation) were eligible for 
screening. After a 4-week diet and exercise run-in period, 
eligible study participants with poor glycemic control 
(hemoglobin A1c [HbA1c] values of 7.5% to 10.5% inclu-
sive and fasting blood glucose [FBG] ≤ 13.9 mmol/L) were 
included in the trail. Main exclusion criteria were: treat-
ment with any antihyperglycaemic medication within the 
run-in period of the trial; hypoglycaemic unawareness or 
recurrent severe hypoglycaemia; anaphylactic reaction or 
contraindication to any IMP or placebo; impaired renal 
or hepatic function; acute or severe chronic complica-
tions of diabetes. The full inclusion and exclusion criteria 
are avaliable in Supplementary table 1.

Outcomes and assessments
The primary efficacy endpoint was to evaluate the HbA1c 
from baseline to Week 24 in T2DM patients treated with 
fotagliptin 12  mg/day, in parallel control with alogliptin 
and placebo. The secondary endpoints were change in 
HbA1c from baseline to Week 52; change in FBG from 
baseline to Week 52; occurrence of hypoglycemia from 
baseline to Week 52; change in bodyweight from base-
line to Week 52. All adverse events were followed up by 
investigators and have been sufficiently characterised. 
The following adverse events were to be reported: serious 
adverse events occured in more than 2% of the patients 
in either treatment group; any adverse events occurred 
in more than 5% patients in either treatment group; any 
other safety events of special interest.

Statistical analysis
The primary objective was to determine the superiority 
of fotagliptin over placebo in the change of HbA1c from 
baseline to Week 24, and the two-sided test of superior-
ity/non-inferiority design was adopted with α = 0.05 and 
β = 0.20. According to the phase 3 clinical trial results 

of other drugs in the same class, it is estimated that the 
primary efficacy endpoint of HbA1c difference between 
fotagliptin and placebo is 0.45% [14], assuming a stand-
ard deviation of 1.0%. The non-inferiority limit between 
fotagliptin and alogliptin is 0.4. With the 2:1:1 ratio of 
fotagliptin group, alogliptin group and placebo group, the 
sample size of the three groups was estimated to be 160, 
80 and 80 patients, respectively. Considering the rate of 
loss to follow-up and to obtain safety data through Week 
52, the sample size was estimated to be 224, 112 and 112 
patients in the fotagliptin group, alogliptin group and 
placebo group, respectively.

The primary analysis was performed in the full analysis 
set (FAS), which received at least one dose of the study 
drug and had at least one posttreatment measurement of 
the endpoint during the double-blind treatment period. 
Missing data were imputed using the last observation 
carried forward (LOCF). HbA1c values at follow-up vis-
its of subjects received rescue were treated as missing 
values. As a dependent variable, the change of HbA1c 
from baseline to Week 24 was analyzed using the analy-
sis of covariance (ANCOVA) model. With the treatment 
group as the fixed effect and the baseline HbA1c as a 
linear covariate, we assessed the least squares mean and 
standard error of the primary efficacy endpoint of each 
treatment group, as well as the differences of the primary 
efficacy endpoint and its standard error or 95% confi-
dence interval between groups.

Descriptive statistics (frequency and percentage) were 
used to summarize the patient demographics, incidence 
of adverse events and hypoglycemic episodes by treat-
ment group. Continuous variables, such as physical 
examination and clinical laboratory evaluations, were 
summarized by means ± standard deviation (SD) for nor-
mally distributed data or medians (interquartile ranges) 
for non-normally distributed data. All statistical tests 
were two-sided, with P value < 0.05 considered as statisti-
cally significant. Statistical analysis was performed using 
SAS version 9.4 (SAS Institute Inc, Cary, NC, USA).

Results
In all, a total of 836 patients with T2DM from 56 sites 
were screened for eligibility. After the run-in period, 458 
patients were randomized in the double-blind period as 
follows: 230 patients in the fotagliptin group, 113 patients 
in the alogliptin group, and 115 patients in the placebo 
group. In the fotagliptin group, alogliptin group and pla-
cebo group, 19 (8.2%), 14 (12.3%), and 9 (7.8%) patients 
prematurely discontinued the study and the most com-
mon reason for study discontinuation was voluntary 
withdrawal (9, 10, and 9 patients, respectively). There 
were 91% (416/458) patients compliant with the study 
drug dosing throughout the double-blind period while 
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94% (389/416) of these patients completed the whole 
52-week treatment period. Details of the patients’ dis-
position are showed in Fig.  1. The FAS included 450 
patients. At baseline, demographic and clinical character-
istics were well balanced across treatment groups. There 
were no differences across the fotagliptin, alogliptin and 
placebo groups in mean HbA1c and other glycemic indi-
cators (Table 1).

The primary efficacy endpoint was change from base-
line in HbA1c at Week 24. As shown in Fig. 2A, HbA1c 
reductions were superior with fotagliptin and alogliptin 
versus placebo at Week 24 (All P values < 0.0001). Mean 
decreases in HbA1c from baseline to Week 24 were 
-0.70% for fotagliptin, -0.72% for alogliptin and -0.26% for 
placebo (Fig. 2B). Estimated mean treatment differences 
were -0.44% (95% CI: -0.62% to -0.27%) for fotagliptin 
versus placebo, and -0.46% (95% CI: -0.67% to -0.26%) 
for alogliptin versus placebo at Week 24. Fotagliptin was 
also non-inferior to alogliptin, as estimated mean treat-
ment difference of fotagliptin vs alogliptin was 0.02% 
(95%CI: -0.16% to 0.19%; upper limit of 95%CI < margin 
of 0.4%). Results from sensitivity analysis supported the 
results of confirmatory analysis (Supplementary Figs.  2, 

3, 4). A total of 20 (4.4%) subjects used rescue therapy 
with biguanides in the double-blind period, including 5 
patients (2.2%) in the fotagliptin group, 6 patients (5.5%) 
in the alogliptin group, and 9 patients (8.0%) in the pla-
cebo group. In the extended treatment period, 92% 
(97/106) subjects in the placebo group used fotagliptin at 
a dose of 12 mg once daily and there were no differences 
in HbA1c from baseline to Week 52 across treatment 
groups (Fig. 2A).

Compared with subjects with placebo, significantly 
more patients with fotagliptin and alogliptin achieved 
the HbA1c targets (< 7.0% and ≤ 6.5%) after 24  weeks 
of treatment: 20.7%, 20.0% and 4.4% patients achieved 
HbA1c ≤ 6.5% in the fotagliptin group, alogliptin group 
and placebo group, respectively; 37.0%, 35.5% and 
15.5% patients achieved HbA1c < 7.0% in the fotagliptin 
group, alogliptin group and placebo group, respectively 
(Fig. 3A). The proportion of patients achieved the HbA1c 
targets was similar between fotagliptin and alogliptin 
treatment groups at Week 24.

In contrast to placebo, fotagliptin and alogliptin 
resulted in significantly greater decrease in mean FBG 
after 24 weeks of treatment (Fig. 3B). Mean weight loss 

Fig. 1  Study patient disposition
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did not change substantially during the whole 52 weeks 
of treatment and no more than 1  kg of weight change 
was found in any group (Fig.  3C). During the whole 
52  weeks of treatment, the overall incidence of hypo-
glycemia was relatively low (1.0% [2/211] for fotagliptin 

group, 1.0% [1/99] for alogliptin group and 3.8% [4/106] 
for placebo group).

Changes in additional efficacy measures from baseline 
to Week 24 and Week 52 are provided in Table  2. The 
assessment of β-cell function from baseline to Week 24 

Table 1  Demographic and clinical characteristics of the patients at baseline

1 Data were means ± SD or medians (interquartile ranges) for skewed variables or numbers (proportions) for categorical variables

2 P for trend was calculated for the linear regression analysis tests across the groups. P values were for the ANOVA or χ2 analyses across the groups

3 BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, eGFR estimated glomerular filtration rate, FPG fasting plasma glucose, γ-GGT​ 
γ-glutamyltransferase

Fotagliptin group (n = 227) Alogliptin group (n = 110) Placebo group (n = 113) P

Age (years) 53.0 (9.03) 53.7 (10.37) 54.2 (9.75) 0.4508

Male [n (%)] 140 (61.7) 70 (63.6) 72 (63.7) 0.9080

BMI (kg/m2) 25.67 (3.12) 25.69 (3.07) 25.65 (2.91) 0.9911

Weight (kg) 70.77 (11.18) 69.76 (11.69) 69.20 (11.45) 0.2494

SBP (mmHg) 124.9 (11.6) 126.4 (12.5) 125.3 (12.0) 0.5502

DBP (mmHg) 81.1 (7.9) 81.9 (8.0) 81.0 (7.4) 0.7377

eGFR (ml/min per 1.73 m2) 104.92 (11.45) 101.84 (14.19) 102.18 (13.98) 0.0276

ALT (U/L) 23.0 (17.0, 33.0) 21.9 (15.0, 33.0) 24.0 (16.0, 35.3) 0.3979

AST (U/L) 20.0 (16.3, 25.7) 21.0 (16.0, 27.0) 21.0 (17.0, 27.0) 0.5847

Duration of diabetes (months) 11.00 (1.80,36.50) 13.20 (2.70,38.60) 19.25 (2.35,34.85) 0.6666

FPG (mmol/L) 9.34 (1.79) 9.40 (2.06) 9.47 (1.79) 0.8566

HbA1c (%) 8.08 (0.73) 8.10 (0.74) 8.12 (0.70) 0.8495

Fasting insulin (μIU/ml) 10.67 (7.55,15.80) 10.36 (6.61,16.32) 10.58 (7.19,15.04) 0.7627

Fasting C-peptide (ng/ml) 2.49 (2.01,3.14) 2.37 (1.96,3.07) 2.51 (1.93,3.27) 0.5884

HOMA-β 35.62 (23.40,53.77) 33.14 (20.46,57.54) 32.91 (22.89,48.21) 0.4523

HOMA-IR 4.45 (3.10,6.93) 4.61 (2.66,6.41) 4.47 (2.94,7.03) 0.8199

Fig. 2  Differences in primary clinical end points (Full-analysis-set). A HbA1c values. B HbA1c values change in double-blind stage. Data are mean 
and error bars are SEs. The ETD and corresponding 95% CI were estimated using an ANCOVA in the FAS. Last observation carried forward imputation 
was used for missing values
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showed that both fotagliptin and alogliptin were asso-
ciated with significant improvements in homoeosta-
sis model assessment of β-cell (HOMA-β) compared 
with baseline, but no treatment related differences were 
recorded for HOMA index of insulin resistance (HOMA-
IR), or fasting insulin concentration. Meanwhile, fotag-
liptin was associated with significant improvements in 

fasting C-peptide concentration compared with baseline. 
No significant changes in the aminotransferase and lipid 
profiles were observed in the three groups. DPP-4i may 
have a small effect on exocrine gland of pancreas as the 
serum amylase and lipase levels showed a minor increase 
across the fotagliptin, alogliptin and placebo groups 
from baseline to Week 52. Moreover, serum creatinine 
increased slightly in fotagliptin group.

Table 3 summarized the clinical adverse events, which 
showed that fotagliptin and alogliptin were well tolerated 
in all treatment groups. No deaths were reported dur-
ing the study in all treatment groups. No serious adverse 
events occurred in more than 2% of the patients in either 
treatment group. All adverse events occurred in 4% of 
participants or fewer, and adverse events occurred infre-
quently in all groups in double-blind period (3.1% for 
fotagliptin group, 3.6% for alogliptin group and 6.2% for 
placebo group). Adverse events that were considered to 
be treatment-emergent (TEAEs) and occurred in more 
than 5% of any treatment group are shown in Table 3. The 
most commonly reported TEAE was lipase increased, 
reported by 7 (3.1%), 10 (9.1%), 2 (1.8%) of patients in 
the fotagliptin, alogliptin and placebo groups, respec-
tively. Statistically significant difference in the occurrence 
of lipase increased was observed between the alogliptin 
and placebo groups. Minor hypoglycemia was reported 
in participants treated with fotagliptin (2 [0.9%]) and 
alogliptin (0 [0.0%]) in double-blind period. The occur-
rence of hypoglycemia was similar in all treatment groups 
in the extended period. Unexpectedly, seven patients in 
the placebo group experienced hypoglycemia in double-
blind period. All hypoglycemia events were considered 
mild to moderate in intensity with no need for assistance 
from others.

Discussion
The multicenter clinical study showed that in T2DM 
patients inadequately controlled with diet and exercise 
intervention, fotagliptin 12  mg once daily for 24  weeks 
provided superior glycemic control compared with pla-
cebo, as assessed by reductions in HbA1c and FBG. No 
clinically significant difference in the improvements 
in clinical response of glycemic control was observed 
between the fotagliptin group and the alogliptin group.

HbA1c represents the most powerful predictor of dia-
betes related outcomes and mortality [15, 16]. The phase 
3 randomized, double-blind, placebo-controlled clinical 
study of fotagliptin achieved its primary efficacy endpoint. 
In treatment-naive T2DM patients uncontrolled with 
diet and exercise intervention, fotagliptin monotherapy 
achieved clinically and significant meaningful ameliora-
tion in the percentage of patients reached HbA1c targets 
(< 7.0% and ≤ 6.5%). Current guidelines suggest that should 

Fig. 3  Differences in secondary endpoints. (Full-analysis-set). 
A Proportion of participants achieving HbA1c target ≤ 6.5% 
in double-blind stage. and proportion of participants achieving 
HbA1c target < 7.0% in double-blind stage. B FBG change 
in double-blind stage. Data are mean and error bars are SEs. C FBG 
change in double-blind stage. Data are mean and error bars are SEs
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be set for most adults with diabetes, as concerns remain 
that aggressive hypoglycemic treatment may increase the 
risk of diabetic complications [17, 18]. Fotagliptin dem-
onstrated a favorable safety profile during the 52  weeks 
treatment, and there were no serious hypoglycemia or 
severe adverse events that required medical assistance. 
Clinically significant hypoglycemia occurred only in two 
patients (0.9%) treated with fotagliptin over 24 weeks, and 
the events were mild in nature. The incidence of hypogly-
cemia reported in this study is consistent with other stud-
ies to investigate the efficacy and safety of DPP-4 inhibitors 
therapy [19, 20]. Mild but not clinically significant weight 
change was observed in all treatment groups, including pla-
cebo. These may be attributed to the pharmacokinetic and 
pharmacodynamic results of both fotagliptin and alogliptin. 
One recent study in Chinese patients with T2DM indicated 
that fotagliptin could increase plasma GLP-1 concentration 
while DPP-4 inhibition was continuously maintained at a 
steady state [12]. Still, relevant results were based on the 
design of the study and patients were closely monitored to 
ensure that they followed the diet and exercise guidelines 

of the trail. Given an increasing use of DPP-4 inhibitors to 
treat patients with T2DM in the real-world setting, poten-
tial pancreatitis risk has been of concern because of its 
consequent pharmacological mechanism of the pancreas 
[7, 21]. Overall, no pancreatitis occurred during the whole 
treatment period. As expected, slight increases of amyl-
ase and lipase levels were observed with fotagliptin and 
alogliptin from Week 4 to Week 24, and this trend gradu-
ally decreased in the later period of the trail. No significant 
change from baseline in pancreatic enzymes was observed 
in placebo group.

Fotagliptin is a novel highly selective DPP-4 inhibi-
tor under clinical development for the increased levels 
of intact bioactive GIP and GLP-1. Based on previous 
studies, fotagliptin could increase active GLP-1 concen-
trations and have no obvious influence on DPP-8 and 
DPP-9, thus making it safer to treat T2DM [13]. To our 
knowledge, this was the first adequately powered trial 
to investigate the efficacy and safety profiles of fotag-
liptin in patients with uncontrolled T2DM. The reduc-
tions in HbA1c with fotagliptin were much the same as 

Table 2  Change in additional secondary measures of efficacy from baseline to week 24 and week 52

Mean change from baseline to week 24

Fotagliptin group Alogliptin group Placebo group P

Fasting insulin (μIU/ml) 0.73(-0.13,1.59) 0.44(-0.51,1.38) -0.11(-1.18,0.96) 0.671

Fasting C-peptide (pmol/L) 0.13(0.03,0.23) 0.08(-0.03,0.19) -0.05(-0.16,0.06) 0.146

HOMA-β 11.00(7.46,14.55) 7.21(3.39,11.02) 4.61(0.66,8.56) 0.066

HOMA-IR -0.12(-0.58,0.33) -0.16(-0.63,0.30) -0.46(-0.99,0.06) 0.980

ALT (U/L) -2.26(-3.64,-0.89) -2.31(-4.17,-0.44) 4.82(-5.99,15.63) 0.820

AST (U/L) -1.01(-1.83,-0.19) -0.81(-2.10,0.48) 1.94(-3.79,7.68) 0.836

Serum creatinine (umol/L) 2.28(1.19,3.37) -0.50(-1.96,0.96) 0.76(-0.97,2.49) 0.018

eGFR (ml/min per 1.73 m2) -1.83(-2.85,-0.80) 0.90(-0.39,2.19) -0.96(-2.64,0.73) 0.018

LDL-C (mmol/L) 0.02(-0.07,0.11) -0.04(-0.16,0.09) 0.06(-0.07,0.19) 0.225

TG (mmol/L) 0.15(-0.08,0.37) 0.23(0.01,0.44) -0.12(-0.28,0.04) 0.261

Serum amylase (U/L) 4.10(1.89,6.30) 1.92(-1.36,5.20) 0.52(-2.27,3.32) 0.107

Serum lipase (U/L) 6.35(2.02,10.67) 6.14(3.03,9.25) 0.67(-1.29,2.63) 0.003

Mean change from baseline to week 52

Fotagliptin group Alogliptin group Control group P

Fasting insulin (μIU/ml) -0.52(-1.29,0.26) 0.24(-0.95,1.43) 0.16(-1.12,1.44) 0.661

Fasting C-peptide (pmol/L) 0.07(-0.01,0.15) 0.14(-0.00,0.28) 0.14(-0.02,0.29) 0.640

HOMA-β 3.76(0.56,6.96) 4.42(-0.08,8.93) 6.94(1.96,11.92) 0.648

HOMA-IR -0.44(-0.91,0.04) -0.20(-0.79,0.40) -0.36(-1.03,0.31) 0.630

ALT (U/L) -0.37(-2.15,1.41) -1.25(-3.35,0.86) 2.28(-1.59,6.14) 0.697

AST (U/L) 0.22(-0.75,1.19) -0.53(-1.77,0.71) 1.77(-0.22,3.76) 0.443

Serum creatinine (umol/L) 3.15(1.60,4.71) 0.67(-1.17,2.51) 2.66(0.84,4.48) 0.144

eGFR (ml/min per 1.73 m2) -2.34(-3.54,-1.14) -0.62(-2.40,1.15) -2.24(-3.88,-0.59) 0.184

LDL-C (mmol/L) 0.03(-0.07,0.13) -0.04(-0.18,0.11) 0.04(-0.11,0.20) 0.676

TG (mmol/L) 0.27(-0.05,0.58) 0.22(0.02,0.42) -0.06(-0.32,0.21) 0.111

Serum amylase (U/L) 4.59(3.07,6.10) 3.16(0.79,5.54) 5.62(2.51,8.72) 0.744

Serum lipase (U/L) 6.83(4.30,9.35) 6.37(3.56,9.18) 6.65(3.90,9.41) 0.113



Page 8 of 10Xu et al. BMC Medicine          (2023) 21:388 

those with alogliptin in the double-blind period. In addi-
tion, the study results did not demonstrate any benefit of 
fotagliptin for most additional secondary efficacy meas-
ures except for fasting C-peptide, which we suspected 
that may be related to the relieved glycotoxicity in some 
patients. Serum creatinine increased slightly with fotag-
liptin and differences were small but significant for three 
groups in the double-blind period. Nevertheless, such 
difference no longer existed in the extended treatment 
period. In the double-blind period, the proportion of 
subjects receiving rescue therapy in fotagliptin group was 
significantly lower than that in the placebo group, but the 
proportion increased in the extended period for both the 
fotagliptin group and alogliptin group. Interestingly, after 
the conversion to fotagliptin in the extended period, the 
proportion of subjects receiving rescue therapy in the 
original placebo group increased, although only 24 weeks 
of delayed hypoglycemic treatment. Therefore, in order 
to obtain long-term benefits, it is reasonable for patients 

with T2DM to start hypoglycemic therapy as soon as 
possible after the diagnosis of diabetes.

However, limitations existed in the present trial. First 
of all, there is a potential limitation in interpreting effect 
of fotagliptin compared with placebo on risk of major 
cardiovascular (CV) events, as the study duration may 
be too short to modulate CV related clinical outcomes. 
Four previous CV outcome trials of DPP-4 inhibitors 
have demonstrated a non-inferior risk of a compos-
ite CV outcome when compared with placebo [22–25]. 
Secondly, the follow-up duration was relatively short at 
approximately 52  weeks. No other benefits and risks of 
long-term treatment with fotagliptin were evaluated. 
Third, although the comparison between fotagliptin and 
placebo in previously untreated diabetes patients who are 
not controlled with diet and exercise provided the exact 
glucose-lowering of the efficacy and safety of fotagliptin, 

Table 3  Summary of clinical adverse events in the treated set of safety population

1 The safety population was defined as patients who took at least one dose of therapeutic drug or placebo

2 Data are number (% of total participants in treatment group)

3 *P < 0.05 compared with control group; #P < 0.05; ##P < 0.01 compared with control group

4 This table lists serious adverse events that were present in more than 2% of the patients in either trial group, adverse events that were considered to be related to 
therapeutic drug or placebo in more than 5% of the patients in either trial group, and any other safety events of special interest

Fotagliptin group Alogliptin group Placebo group P

Serious adverse events that were present in more than 2% of the patients in either trial group, n (%)

  Double-blind stage - - - - -

  Extended stage - - - - -

Adverse events that were considered to be related to therapeutic drug or placebo in more than 5% of the patients in either trial group, n (%)

  Double-blind stage Lipase increased 7 (3.1) 10 (9.1)# 2 (1.8) 0.0217

  Extended stage - - - - -

Any other safety events of special interest, n (%)

  Double-blind stage Hypoglycemia 2 (0.9)* 0 (0.0)# 7 (6.2) 0.0038

Myocardial ischaemia 2 (0.9) 2 (1.8) 2 (1.8) 0.6441

Arteriosclerosis coronary artery 2 (0.9) 0 (0.0) 1 (0.9) 1.0000

Acute coronary syndrome 1 (0.4) 0 (0.0) 0 (0.0) 1.0000

  Extended stage Hypoglycemia 2 (1.0) 1 (1.0) 4 (3.8) 0.1604

Myocardial ischaemia 2 (1.0) 0 (0.0) 2 (1.9) 0.5587

Angina pectoris 1 (0.5) 0 (0.0) 0 (0.0) 1.0000

Arteriosclerosis coronary artery 1 (0.5) 0 (0.0) 1 (1.0) 1.000

Any adverse events more than 5% in either trial group

  Double-blind stage Dyslipidemia 28 (12.3) 17 (15.5) 15 (13.3) 0.7600

Hyperuricemia 18 (7.9) 7 (6.4) 3 (2.7) 0.1622

Urinary tract infection 13 (5.7) 9 (8.2) 7 (6.2) 0.7051

Upper respiratory tract infection 14 (6.1) 8 (7.3) 6 (5.3) 0.8416

Lipase increased 8 (3.5) 11 (10.0)## 2 (1.8) 0.0081

Hypoglycemia 2 (0.9)* 0 (0.0)# 7 (6.2) 0.0038

  Extended stage Dyslipidemia 17 (8.2) 10 (10.2) 5 (4.8) 0.3880

Hyperuricemia 4 (1.9) 7 (7.1) 7 (6.7) 0.0347

Abnormal hepatic function 6 (2.9) 4 (4.1) 6 (5.8) 0.4256
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we should notice that treatment with metformin is still 
the first-line therapy for patients with T2DM [26].

Conclusion
Overall, the trial demonstrated improvement in glyce-
mic control for fotagliptin monotherapy with 12 mg once 
daily in previously untreated T2DM patients uncon-
trolled with lifestyle intervention. Furthermore, fotag-
liptin treatment was not associated with greater risk of 
hypoglycemia episodes and weight gain, as compared 
with placebo and alogliptin. Thus, fotagliptin is a poten-
tial new approach for the treatment of T2DM patients 
who are inadequately controlled with diet and exercise 
intervention.
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